Plain Language Summary {#Sec1}
======================

A 78-year-old man who had heart disease and Parkinson\'s disease visited his cardiologist because he felt weak, dizzy, lightheaded, and tired and was unable to stand up. His doctor took his blood pressure when he was seated and again when he stood up. These measurements showed that his blood pressure was normal while seated but greatly decreased upon standing. Based on his symptoms and blood pressure results, the man was diagnosed with neurogenic orthostatic hypotension (nOH). nOH is a medical condition that occurs when blood pressure decreases too much when a person changes from a seated or lying position to an upright position. People who are older or have medical conditions related to nervous system failure, such as Parkinson\'s disease, are at greater risk of having nOH. This patient was given the drug droxidopa to treat his nOH symptoms. Once he was treated, his symptoms improved, and he was better able to tolerate standing. The most common symptom of nOH is dizziness or lightheadedness when standing. People who feel this way may have a hard time standing and walking and are more likely to fall, which could cause a serious injury. It is important for people with symptoms such as weakness, dizziness, or lightheadedness when standing to discuss them with their healthcare provider. Their healthcare provider can then screen for nOH and provide treatment options if necessary.

Introduction {#Sec2}
============

Neurogenic orthostatic hypotension (nOH) is defined as a sustained decrease in blood pressure (BP) within 3 min of standing or head-up tilt to 60° on a tilt table (decrease of ≥ 20 mmHg systolic or ≥ 10 mmHg diastolic) \[[@CR1]\]. The prevalence of nOH increases with age and in patients who have disorders associated with autonomic failure (e.g., Parkinson\'s disease, multiple system atrophy, pure autonomic failure, and dementia with Lewy bodies) \[[@CR2]\]. Symptoms of nOH include dizziness or lightheadedness, syncope or presyncope, problems with vision, generalized weakness, fatigue, trouble concentrating, and head or neck discomfort \[[@CR3]\]. These symptoms can interfere with activities of daily living that require standing or walking and can also increase risk of falls and fall-related morbidity \[[@CR3], [@CR4]\].

A complicating factor for the treatment of patients with nOH is that many of them have or will develop cardiovascular comorbidities, including hypertension, atrial fibrillation (AF), and heart failure \[[@CR5]\]. These comorbidities can predate nOH symptoms or may arise as a result of autonomic dysregulation and upregulation of other mechanisms that control arterial tone to maintain circulatory homeostasis, such as the renin-angiotensin system, endothelin, and arginine vasopressin \[[@CR6]--[@CR9]\]. The renin-angiotensin system, in particular, may influence supine hypertension \[[@CR7], [@CR8]\]. Approximately half of patients with autonomic failure may also have supine hypertension (BP ≥ 140 mmHg systolic or ≥ 90 mmHg diastolic), complicating treatment of these hemodynamic opposites \[[@CR6], [@CR10], [@CR11]\]. In this report, we describe a patient with cardiovascular disease and Parkinson\'s disease who presented with orthostatic symptoms, which complicated his treatment course.

Case Presentation {#Sec3}
=================

A 78-year-old man with a 2-year history of class III heart failure and a 10-year history of Parkinson\'s disease presented to his cardiologist's office with weakness, dizziness, presyncope, fatigue, and inability to stand. He had experienced cardiac cachexia within the past 2 years, with his weight decreasing from 146 lbs to as low as 109 lbs. Additionally, his cardiac history included a left ventricular ejection fraction of 35%, long-standing persistent AF, anemia, and coronary heart disease. The patient also had a history of Hodgkin lymphoma and chronic lymphocytic leukemia, which had been treated 8 years earlier using chemotherapy and radiation; the radiation exposure resulted in restrictive lung disease.

The patient's medications included carvedilol (6.25 mg twice daily \[BID\]), enalapril (2.5 mg BID), digoxin (0.125 mgpo QD), furosemide (20 mg, as needed), and warfarin (2.5 mg once daily \[QD\]) for cardiac symptoms, as well as levodopa/ carbidopa (25/100 mg four times daily) for Parkinson\'s disease symptoms and sertraline (50 mg QD) for mood regulation. He was also taking tolvaptan (15 mg QD) to treat recurrent symptomatic hyponatremia.

Physical examination revealed a seated BP of 120/70 mmHg that decreased to 60/40 mmHg upon standing, meeting the diagnostic criteria for orthostatic hypotension. His heart rate increased only slightly, from 70 beats per minute (bpm) seated to 74 bpm upon standing; this increase (\< 15 bpm) is consistent with a diagnosis of nOH. A full review of his medications indicated that several medications, including carvedilol, enalapril, and furosemide, could be contributing to his orthostatic symptoms; however, they were at the minimum effective doses and were indicated for treatment of heart failure with reduced ejection fraction. Consequently, no washout period of the patient's cardiac medications was conducted to assess for any effects on orthostatic hypotension symptoms. His serum creatinine and blood urea nitrogen were normal, and there was no evidence of acute or chronic kidney disease throughout the course of his illness. The hemoglobin, total serum iron, iron saturation, and ferritin values revealed anemia but no iron deficiency. Evaluations of 24-h ambulatory BP and Holter monitor measurements were not performed. The combination of his heart failure, restrictive lung disease, and overall cachexia were so severe that he was deemed not to be a candidate for an implantable cardio-defibrillator or advanced mechanical circulatory support. Over time, he developed symptoms of class IV heart failure.

The patient was prescribed 200 mg droxidopa (three times daily \[TID\]) to treat his orthostatic symptoms. The dose was increased to 600 mg TID for better control of nOH symptoms. Droxidopa, a norepinephrine prodrug, is approved by the US Food and Drug Administration to treat symptomatic nOH in adults \[[@CR12]\]. The patient reported feeling better and less likely to fall when standing. During an office visit, his BP changed from 124/82 mmHg supine to 110/76 mmHg upon standing with assistance. There were no changes in his rate-controlled AF or symptoms of class IV heart failure, and his weight remained low but stable. The patient was deceased at the time of case study preparation, and informed consent was obtained from his next of kin.

Discussion {#Sec4}
==========

The effect of nOH symptoms on patient mobility and safety necessitates efficient diagnosis and treatment \[[@CR3]\]. Patients with symptomatic nOH are at an increased risk of syncope and falls, with consequences such as injury \[[@CR13]\], hospitalization, increased healthcare costs \[[@CR14]\], increased likelihood of admission to a skilled nursing facility \[[@CR15]\], and even death \[[@CR16]\]. The patient described in this case study had long-standing persistent AF (AF lasting longer than 12 months), symptoms of which overlap with those characteristic of nOH, including dizziness, fatigue, and dyspnea \[[@CR1], [@CR17]\]. Additionally, AF treatment with antiarrhythmic agents such as amiodarone, verapamil, propafenone, sotalol, or flecainide can result in peripheral polyneuropathy, which may exacerbate symptoms of nOH such as weakness \[[@CR18], [@CR19]\]. In the current case study, the patient was very frail, and treatment of nOH was important to reduce the risk of falls and related morbidity. Droxidopa therapy was effective for treatment of the symptoms of nOH (no observations were made regarding the effects on symptoms of Parkinson\'s disease) and did not adversely affect the patient's rate-controlled AF, nor were any adjustments to concomitant medications for the management of cardiovascular comorbidities required.

Patients with nOH also often have cardiovascular comorbidities, and droxidopa can be used to treat symptomatic nOH without compromising cardiovascular safety. Droxidopa is not contraindicated in patients taking medications to control AF, as in the present case, or other cardiovascular conditions, although it may exacerbate some existing cardiovascular conditions \[[@CR12]\]. An analysis of the cardiovascular safety of droxidopa in patients with symptomatic nOH demonstrated comparable rates of cardiovascular events between patients receiving droxidopa and patients receiving placebo \[[@CR20]\]. In a clinical trial with up to 10 weeks' exposure to droxidopa, 70% of patients had preexisting cardiovascular disease; among this patient subgroup, cardiovascular adverse event rates were low in the droxidopa cohort (6.3% \[*n* = 5/79\]) but slightly higher than in the placebo cohort (2.6% \[*n* = 2/77\]) \[[@CR20]\]. Furthermore, droxidopa did not affect cardiac depolarization (QTc interval), heart rate, atrioventricular conduction (PR interval), or ventricular depolarization (QRS interval) in healthy adults \[[@CR21]\].

Diabetes mellitus is a common comorbidity in patients with cardiovascular disease. Although there are some similarities between the neuropathy observed in diabetes mellitus and disorders associated with primary autonomic failure \[[@CR22]\], there are limited data on the use of droxidopa in patients with diabetic autonomic neuropathy, because patients with nOH due to diabetic autonomic neuropathy were excluded from the clinical studies leading to US Food and Drug Administration approval. These clinical trials included a few patients with primary autonomic failure and coexistent diabetes mellitus, but no analyses of the diabetic subpopulation were performed. Examination of the effect of droxidopa in patients with nOH due to diabetic autonomic neuropathy is a potential area for future study.

Medications used to treat nOH necessarily increase BP, which can increase the risk of supine hypertension \[[@CR6]\]. Supine hypertension may be managed using measures like elevating the head of the bed for sleep and not resting in the supine position during the day \[[@CR3]\]. Short-acting antihypertensives may be needed at bedtime to treat severe supine hypertension, although their use increases the risk of nOH symptoms during nighttime trips to the bathroom \[[@CR3]\]. Medications used to treat hypertension and other cardiac conditions, including diuretics, beta-adrenergic blockers, and angiotensin-converting enzyme inhibitors, can worsen symptoms of nOH and increase the short-term risk of syncope and falls; the use of these medications must, therefore, be monitored carefully and adjusted as necessary \[[@CR3], [@CR6]\]. Because patients with nOH may be older, have multiple comorbid conditions, and use polypharmacy, they may be medically complex and receive care from multiple healthcare providers in various specialties (e.g., cardiology, neurology, primary care). The management of nOH symptoms is important in order to reduce symptomatic burden and improve the patient's ability to perform daily activities that involve standing. Patient safety is a key consideration, especially when treating persons who may have an increased risk for falls and injuries (e.g., those who are older or frail or who have Parkinson\'s disease), such as the individual in this case. However, treatment should be individualized to each patient based on his or her circumstances and coexisting conditions, and this may require collaboration among the care teams. Optimal management of nOH may require an integrated team approach among all healthcare providers caring for the patient, so that the benefits (e.g., improvement of nOH symptoms) and risks (e.g., exacerbation of any comorbidities) can be balanced appropriately.

Conclusion {#Sec5}
==========

Despite the complexity of treating nOH in patients with cardiovascular comorbidities, it is critical to screen for and treat nOH in patients with autonomic dysfunction and orthostatic symptoms. The balancing of the treatment of symptomatic nOH while appropriately and effectively managing concomitant cardiovascular disease is a clinical challenge requiring knowledge of the nOH disease state.
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